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Background

Epitaxial heterostructures as model systems
Role of defects
Reliability and Yield



Complex Oxides : Many Possibilities

A'Site (La) M\ 1N

e Superconductors (YBCO) \

* Ferroelectrics (BaTiO;)

* Colossal Magnetoresistance ((La,Sr)MnQO,)
» Multiferroics (BiFeO,)
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» Topological Insulators (Y,lr,0O-)

* Thermoelectrics (doped SrTiO,)

* Ferromagnets (SrRuQ,)

* Photovoltaics (copper oxides)
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A huge range of oxide crystals : pyrochlores, layered structures,
spinels, rock salt, ...




Creating Coupled Systems
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Bismuth Ferrite, BiFeO5: Model Multiferroic
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Interfaces lll: Artificial Interfaces
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--- what’s the coupling mechanismat the interface ?
--- Role of Orbital physics ?
---can weuse an electricfield to control this coupling ?



Creating and Understanding Interfaces

Heater with substrate
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» Controlled interfaces
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Atomic Control of Oxide Heterostructures v_i/gﬁ\\}

J. Huijben,..., D. Blank, Univ. of Twente
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All Oxide Interfaces : BFO/LSMO
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Controlling Surface Termination
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MSRI Intensity
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Probing Surface Termination
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Atomic Structure of interfaces

La, ,Sry 30 Interface
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Normalized Intensity

Structure and Composition of Interfaces (STEM-EELYS)
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Interface Termination Controls Bulk properties

MnO,interface Out of plane PFM image
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P. Yu et al., under review(2011)



Piezoresponse Phase (9)

Interface Termination Controls Bulk properties

BiO interface La, ,Sr, 30 interface
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> Internal field: shift of piezoresponse hysteresis loop;

» Interface induced electrostatic potential step ~ difference
between internal fields ~ 1.2 \Volts.



Interface Termination Controls Bulk properties
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Collaboration with Dr. Luo, W. D., Prof. Pennycook, S. J. and Prof. Pantelides, S.T. at ORNL.



Exchange coupling changes with Interface termination!!

Bias Field ~ 40 Oe
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Probing Exchange Coupling with XMCD
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FeRAMs: Solving Technology Challenges through Science

DRAM FeRAM
Memory Parameter _ _
Min Max Min Max

Supply Voltage 3.15V 345V 315V 345V
Low Power Standby - - - 10 pW
Operating Active Current - 25 mA - 25 mA
Operating Temperature 0°C 70°C 0°C 70°C
Storage Temperature -55°C  125°C -55°C 125°C
Non-Volatile Data Storage - - 0°C 70°C
Read Cycle Time 50 ns - 50 ns -
Address AccessTime - 26 ns - 26 ns
Read Cycles Per Byte >1015 - >1013 -
Write Cycle Time 50 ns - 50 ns -
Non-Volatile Data Retention - - - 10 yrs.

Write Cycles Per Byte >1015 _ >1013 -
Scott & Araujo, Science 246, 1400 (1989) w



Basic Science Solves Applied Problems

Old Process —
Fatigue is an issue
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Oxide Electrodes; Eliminate Imprint w@‘%
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[ Oxide Electrodes Solve the Imprint (Internal Field) Problem ]

Pike, et al., APL 66, 484 (1995) & Warren, etal., APL 67, 866 (1995)

University of California, Berkeley Turnbull Lecture November 27, 2007 21




Bi/(Bi+Fe) atomic ratio in film (%)
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Processing Issues in CVD: Role of Composition
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Substrate temperature : 650 °C

Vaporizer temperature : 190 °C
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Out-of-plane piezoresponse

Need for careful composition control!!
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Possible conduction mechanisms

3 112
Jo=RT? exp—{ ¢ ! ( q £ ) } Schottky emission
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Leakage _
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Poole-Frenkel Emission : Fe3+ —» Fe2+ + ht
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Poole Frenkel Plot
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Identifying the leakage mechanism  cecooo]

Poole-Frenkel

The extracted dielectric constant
is too high, about twice that of the
expected 6.25-6.5

Schottky

The extracted dielectric constant
is too low for the negative
direction, but not far off for
higher fields

Space Charge Limited

Log-log plots (not shown) do
not follow the expected trend

Need more thickness, T and

E dependent measurements



